Differential display technology applied to rabbit blastocysts identi®ed an mRNA that encodes a motif similar to that of the proteolipid protein PLP2/A4 of man, mouse and sheep. The open reading frame (456 bp) has 88% amino acid identity to human PLP2/A4. The gene is maximally expressed at the beginning of gastrulation: in situ hybridizations exhibited a sickle-shaped area of labelling at the posterior pole of day 7 post-coitum embryos, which appeared at day 6.5 and decreased in size up to day 8. Weaker labelling was found in the extraembryonic mesoderm, in the anterior part of the primitive streak and in the trophoblast. Time and site of gene expression coincide with emerging morphogenetic activities at the posterior pole of the embryo at the beginning of gastrulation. q
Results and discussion
Three prominent structures characterize the rabbit embryo during the early phases of gastrulation: (1) the anterior marginal crescent as the ®rst manifestation of the anteroposterior axis, (2) the primitive streak as the immigration site of extraembryonic and embryonic mesoderm, and (3) the primitive node or Hensen's node, as the invagination site of the notochordal process which gives rise to the notochord and the de®nitive endoderm (Viebahn, 1999) . As transient organs of early embryogenesis, some of these structures have been shown to possess morphogenetic activity and may represent organizers in Spemann's sense: Hensen's node is homologous to the Spemann organizer of the amphibian gastrula (Blum et al., 1992; Beddington, 1994; Tam and Steiner, 1999) and the anterior marginal crescent may, apart from inducing the anterior neural plate (Knoetgen et al., 1999) , also direct generation of the primitive streak (Viebahn and Hrabe Â de Angelis, 1995) . However, the primordium of the primitive streak at the posterior pole, which is designated also as the`posterior node' (Seidel, 1960) , is less well de®ned. Here we present a novel gene expression speci®cally associated with this area of the rabbit embryo.
Screening rabbit blastocysts for genes involved in early embryogenesis using differential display RT-PCR (DDRT-PCR), we isolated a 431-bp cDNA fragment (Fig. 1) , which was present at days 7 and 8 post-coitum (p.c.) but was hardly detectable at day 6. Sequence analysis using blastn/ blastx (Altschul et al., 1990) showed a striking similarity with the proteolipid protein 2 (PLP2/A4) of man, mouse and sheep. The fragment corresponds to the last 140 bp of the human plp2/a4 ORF and contains an additional 291 bp downstream of the stop codon. An 810-bp cDNA fragment, ampli®ed from total RNA of day 7 blastocysts, contains an ORF of 456 bp, 62 additional basepairs of the 5 H region and 294 bp of the 3 H -UTR (Fig. 2) . To gain insight into the biological functions of this transcript, we studied the expression pattern before and during gastrulation (Fig. 3) . The time of gene expression found in situ corresponds to the ®ndings of the differential display. The tissue distribution is reminiscent of the expression of the transcription factors brachyury (Herrmann, 1991; Hrabe Â de Angelis et al., 1995) in the early primitive streak and HFH-8 (Peterson et al., 1997) in the extraembryonic mesoderm. Plp2 transcripts might thus serve as a molecular marker for the primordium of the primitive streak and the posterior pole of the embryonic disc and might support the concept of the posterior node (Seidel, 1960) , with its speci- ®c involvement in cell movements at the beginning of gastrulation and in the generation of the extraembryonic mesoderm. The presence of plp2/a4 mRNA in pre-implantation sheep embryos was indicated by isolation of a partial cDNA from the sheep (Kramer et al., 1994) . Homologous fragments were found in rabbit genomic DNA by Southern blot (Oliva et al., 1993) and as a cDNA in the mouse (GenBank accession number AB031292). The gene is localized on the x-chromosome in mouse and man (plp2 gene map, NCBI). PLP2/A4 was originally described as a differentiation-dependent intestinal membrane protein in a human colonic epithelium cell line, expressed in the lower half of the crypts of intestinal epithelium (Oliva et al., 1993) . For further investigations see Oliva et al. (1995) and Breitwieser et al. (1997) . HFH-8 is expressed in the direct tissue neighbourhood of intestinal crypts: in human ®broblasts and smooth muscle cells of the lamina propria (Peterson et al., 1997) .
Methods
Embryos were obtained from New Zealand White rabbits mated with fertile bucks. The day of mating was counted as day 0 p.c. For RNA preparation, pre-implantation blastocysts were¯ushed from the uterus, while implanted embryos were dissected from the implantation chamber. Total RNA was isolated using Trizol (Life Technologies). For in situ hybridization, blastocysts and embryos were ®xed in 4% paraformaldehyde/PBS for 1 h, rinsed and dissected in 0.1% tween20/PBS, and dehydrated in a PBS/ methanol series.
DDRT-PCR was performed according to Liang (1996) using the oligo-dT primer T 11 CA and the random primer 5 H -GGAATTAACT-3 H (MWG Biotech). RT-PCR was performed in two steps according to the Omniscript RT kit (Qiagen) using speci®c primers based on the human sequence and an annealing temperature of 578C. In the ®rst step we ampli®ed a product of 719 bp containing the nucleotides 6±456 of the ORF, and the next 268 nucleotides of the 3 H -UTR. Upstream primer: 5 H -TGGAGTAGGTTA-TACCTGGGGC-3 H , downstream primer: 5 H -GGATTCT- P-labelled cDNA generated from total RNA of day 6 and 7 p.c. blastocysts and day 8 p.c. embryos after DNase treatment and subjection to DDRT-PCR. Filled arrowheads show fragments which are more strongly expressed at days 7 and 8 than at day 6. Blank arrowheads show, in contrast, fragments which are present at all stages. The asterisk shows the ampli®ed plp2 fragment which is present at days 7 and 8, but hardly detectable at day 6. (B) Autoradiography of the same RNA preparations after DNase treatment without subsequent reverse transcription as a control, indicating genomic DNA remnants. Fig. 2 . Comparison of the rabbit PLP2/A4 with PLP2/A4 of other species and a deduced amino acid sequence of rabbit plp2 (GenBank accession number AF314164). Homologous sequences in NCBI GenBank are: NP_002668 and Q04941 (man), AB031292 (mouse) and Q28597 (sheep). Conserved amino acids (aligned using the ClustalW algorithm) are highlighted in black, conservative changes are shaded, differences remain in black and white. Translating the rabbit ORF spanning sequence into amino acids results in a protein of 88% identity and 92% similarity to the human PLP2/A4 protein.
GAGCGCCTCTCG-3
H . In the second step we ampli®ed 62 nucleotides upstream from the start codon together with the ®rst 375 nucleotides of the ORF. Upstream primer: 5 H -AAAGAGGCAGGTAGCGAGGAGA-3 H , downstream primer: 5 H -GTCCTCGAAACCACGAGCAA-3 H . PCR products were cloned into the pCR-II TOPO vector (Invitrogen). Whole mount in situ hybridization was performed according to Wilkinson (1992) and Lowe et al. (1996) with minor modi®cations. RNA-probes were generated by in vitro transcription with the Dig-RNA-labelling kit (Roche) and detected in situ by BM Purple (Roche). Hybridized embryos were¯attened with tungsten needles in Mowiol, photographed under a cover glass, embedded in Technovit 8100 (Heraeus-Kulzer) and serially sectioned at 5 mm on an Ultramicrotome (Reichert-Jung). is not yet present in the mid-streak embryo as con®rmed by sections). Labelling is also located in the migrating extraembryonic mesoderm (x) and the trophoblast as con®rmed by sections. Median longitudinal section of embryo (A) shows the greater height of the anterior margin (E) as compared to the posterior part (F), and the absence of mesoderm cells in the presumptive primitive streak area. (G) is the bright ®eld view of section (F) showing a weak but signi®cant labelling in both layers of the embryonic disc, epiblast (e) and hypoblast (h), and in the trophoblast (t). Asterisks show the border between embyonic disc and trophoblast. Transverse section of embryo (C), posterior part (J), shows labelling in the embryonic disc including mesoderm (m), and furthermore in the extraembryonic mesoderm and the trophoblast, not in the yolk sac endoderm (y). Transverse section of the anterior part of the same embryo (H) shows labelling only in the trophoblast, not in the embryonic disc and the yolk sac endoderm. Bar: 350 (A±D), 35 (E±G), and 50 mm (H, J). excellent technical assistance. The work was supported by grants of the Deutsche Forschungsgemeinschaft (Ki 154/13-2; Vi 151/3-2).
